have described an alcohol dehydrogenase that differs from other alcohol dehydrogenases in the following ways: activity is independent of nicotinamide nucleotides, it catalyses the oxidation of methanol at a high rate, it requires ammonia (not NH4+ ions) or methylamine as activator and phenazine methosulphate is required as primary hydrogen acceptor. The enzyme was originally isolated from P8eudo-mona8 sp. M27, a pink organism capable of aerobic growth on methanol or other C1 compounds as sole source of carbon and energy. The enzyme is also present in the following related organisms: P8eudomonas AMl , P8eudomona8 methanica, P8eudoo-nona8 extorquen8 and Protaminobacter ruber (Johnson & Quayle, 1964) .
The present paper describes the well-defined substrate specificity of this enzyme and also the effect ofpotential inhibitors, cofactors and hydrogen acceptors on enzyme activity.
A preliminary report of some of this work has been published (Anthony & Zatman, 1964c Unless otherwise stated, the methods used for growth of organisms and for preparation of enzyme were those described by Anthony & Zatman (1964a,b) . The various experiments used either the crude ultrasonically prepared extract of methanol-grown organisms or the dialysed protein fraction precipitating between 65 and 80% saturation with (NH4)2SO4 (after removal of nucleic acids from crude ultrasonically prepared extract with protamine sulphate); the dialysis was carried out against 500vol. of 0 05m-sodium-potassium phosphate buffer, pH7-0, for lhr. at 0°. Spectrophotometric as8ay. The cuvettes (10mm. lightpath) contained the following, in a total volume of 3ml.: 0-3m-mole of tris-HCl buffer, pH9-0; 16,umoles of methanol; 0-33,umole of PMS*; 0-13,umole of 2,6-dichlorophenol-indophenol; 45,umoles of NH4Cl. The reference cuvette contained deionized water. Enzyme solution was blown in from a pipette and the rate of reduction (AE600/ min.) taken as twice the change in extinction at 600m,u (E600) occurring between 15 and 45sec. after the addition of enzyme. The amount of enzyme used did not exceed that which would cause a rate of change of E600 of 0-3/min.
Manometric a88ay. The reaction mixture for the usual manometric assay contained the following, in a total volume of 3ml.: 0-3m-mole of tris-HCl buffer, pH7-5 or In attempts to replace PMS in the spectrophotometric assay 0 lml. of 1% solutions of the potential hydrogen acceptors were used except for methylene blue, resazurine, pyocyanine and Janus green; 0 1ml. of 0 05% solutions were used for these dyes as they absorb light at 600m,u. Menaphthone and menaphthone bisulphite were tested only in the manometric assay.
Effect of metal-chelating agents, thiol reagents and other potential inhibitors on enzyme activity. These were tested with the (NH4)2SO4 fraction (0-06mg. of protein) by using the manometric assay at pH9 0. Methanol and PMS were added from the side arm after preincubation ofthe remainder of the system at 300 for 30min. It was not possible to test the following substances because they reacted spontaneously with the assay system (usually with the PMS) in the absence of enzyme: sodium diethyldithiocarbamate, 8-hvdroxyquinoline, sodium iodoacetate, hydrogen peroxide, sodium iodosobenzoate, suramin, protocatechualdehyde, hydroxylamine.
Substrate specificity. (a) Enzyme experiments. To avoid false positive results due to trace impurities in the alcohols used as substrates, the manometric enzyme assay rather than the spectrophotometric assay was used for determining the substrate specificity of the enzyme. washed organisms equivalent to 4mg. dry wt. were added from the side arm; the total volume was 3-0ml. The centre well contained 0-2 ml. of 10% (w/v) KOH and a filter-paper wick (for CO2 absorption).
RESULTS
Purified enzyme preparations (dialysed ammonium sulphate fractions) are invariably completely inactive in the absence of an ammonium salt or methylamine in the assay system. Crude ultrasonically prepared extracts, however, are sometimes active without these additions, and such activity is usually between 5 and 7 % of the corresponding activity with added ammonium chloride (Anthony & Zatman, 1964b (Anthony & Zatman, 1964b) In concomitant manometric experiments, the presence of the methanol had no effect on the rates of oxygen uptake associated with the oxidation of licate the ethanol and butan-l-ol. These results correlate iisenzyme with the competition in vivo between ethanol and Iibition is methanol in Pseudomonas sp. M27 shown by ,DTA and Anthony & Zatman (1964a) . On the other hand, rest. The similar manometric enzyme experiments showed of whole that the alcohols that were not oxidized by the nm-EDTA enzyme had no effect on the rate of oxidation of ay & Zat-methanol. ittle effect These results indicate that if an alcohol can be ults were bound by the enzyme it is also oxidized, and that ed extract alcohols which are not oxidized cannot be bound.
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1965 Table 2 . Substrate specificity of the purified alcohol dehydrogena.se of Pseudomonas sp. M 27
The manometric assay was used as described in the Materials and Methods section. (c) Oxidation of alcohols by washed suspensions of methanol-grown Pseudomonas sp. M27. With the exception of the solid alcohols, all the alcohols in Table 2 were tested as substrates for oxidation by washed suspensions of methanol-grown organisms. As shown in Table 3 , apart from 3-phenylpropan-l-ol, all the alcohols that were oxidized by the isolated enzyme were also oxidized, without a lag period, by whole organisms. 3-Phenylpropan-1-ol was not oxidized by whole organisms but was shown to inhibit the oxidation of both methanol and formaldehyde. That this inhibition is probably due to a physical effect of the insoluble alcohol on the organism is supported by the observation that none of the insoluble alcohols was oxidized by the whole organisms when the amount used was raised from O-Olml. to 0 lml. of the undiluted alcohol; the higher concentration of these alcohols also inhibited methanol oxidation. Only one alcohol (nonan-l-ol) was tested with the isolated enzyme at this higher concentration and its rate of oxidation was unaffected.
The alcohols that were not oxidized by the isolated enzyme were not oxidized by whole organisms, nor did they affect the rate of methanol oxidation by whole organiss [with 0-05ml. Vol. 96 811 Anthony & Zatman (1964a) showed that 5mi-EDTA had no effect on the oxidation of formaldehyde, formate, lactate or glyoxylate by washed organisms, but that the oxidation of methanol or ethanol was completely inhibited. By using the system described in the Materials and Methods section, it has been shown that the oxidation of all the alcohols in Table 3 by washed organisms was completely inhibited by mM-EDTA.
DISCUSSION
The results obtained with the isolated enzyme and with whole organisms indicate that one enzyme catalyses the oxidation of all the alcohols in the substrate range and that this enzyme is the alcohol dehydrogenase whose properties are discussed in this paper. Throughout this work many experiments have been carried out with ultrasonically prepared extracts and enzyme preparations in an attempt to demonstrate reduction of nicotinamide nucleotides due to the presence of an alcohol dehydrogenase of the type found in yeast or liver; all such experiments have yielded negative results.
The present findings further emphasize the difference between the alcohol dehydrogenase of P8eudomona8 sp. M27 and other alcohol dehydrogenases; the latter have been reviewed in detail by Sund & Theorell (1963) . Zinc atoms and thiol groups are undoubtedly involved in the binding of coenzyme or substrate or both to the liver and yeast enzymes; in contrast, it appears that metal atoms and thiol groups are relatively unimportant in the action of the NAD-independent alcohol dehydrogenase of P8eudomona8 sp. M 27. Further, the enzyme from this organism oxidizes only primary alcohols and their steric configuration appears to be more important in determining whether or not they are oxidized than is the presence of atoms or groups producing electron-displacement effects.
Contrary to the conclusion of Johnson & Quayle (1964) on the physiological role of this enzyme, the rate of oxygen uptake associated with methanol oxidation by crude ultrasonically prepared extracts of P8eudomona8 sp. M27 (measured in our manometric assay system) is sufficient to account for the rate observed in whole organisms. Washed suspensions of methanol-grown P8eudomona8 sp. M 27 take up oxygen in the presence ofmethanol at about 20,umoles/hr./mg. of protein, and crude ultrasonically prepared extracts of these organisms take up oxygen at about the same rate in the manometric assay system at pH9O0. The measurements of Johnson & Quayle (1964) were made under suboptimum conditions for this enzyme, i.e. low pH and low concentrations of ammonia and phenazine methosulphate.
De Ley & Kersters (1964) have reviewed the oxidation of alcohols by the acetic acid bacteria and have demonstrated that they contain NADindependent alcohol dehydrogenases with a wide substrate range. It will thus be of interest to deterrnine whether the acetic acid bacteria contain an alcohol dehydrogenase of the type found in Pseudomonas sp. M 27.
